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ABSTRACT

The 1987 field season was the third and final year fox the
rearing and release of juvenile upriver bright chinook sal non
(Oncorhynchus tshawtscha) at off-station sites. Di sease
problens in the hatchery where fish for the study were spawned
and hatched resulted in the novenent of trials to Drano Lake, a
backwater |ocated near river km 261, 105 km downstream of Rock
Creek and 205 km downstream of Social Security Pond, the two off-
station rearing sites where studies were conpleted in 1984-86.

Fish in fed treatnments were successfully reared in pens
during March, April, and May and were released in the third week
of May at a nean size of about 4,5 g (1OCJIDb). G owth and
physi ol ogi cal devel opnent of fish reared In Drano Lake were only
slightly faster than observed in hatchery controls over nuch of
the rearing period. However, during the final two weeks of
rearing, ATPase activities and growh of the fish reared. in pens
increased, and at release the fed treatnents tested in Drsno Lake
were significantly larger, and physiological developnent was
significantly ahead of hatchery controls.

The health and condition of fed fish in Drano Lake renained
good throughout the study and survival was high (>99% in all
treatments; no pathogens were detected in any of the groups.
However, infectious hematopoietic necrosis was diagnosed anong
upriver brights being reared in the hatchery; the latter group
was destroyed on May 21.

Unfed fish grew poorly throughout the rearing period wth
little or no detectable growh in the tw higher density
treatnents and nmean growh of less than 0.3 g in the |ower

density. Survival of fish reared at the higher density was poor,
while survival in the two lower density treatnents was nuch
better.

Densities tested in pen rearing trials have been nuch | ower
than the maxi mum recommended in terns of available rearing spare.
However, during periods of limted water exchange the highest
density tested so fax (4.13 kg/ma) would be above the reconmmended
maxi mum for the rearing conditions encountered In the off-
station rearing sites.

Costs of rearing fish are dramatically affected by
densities. Alternate rearing facilities, including polyethylene
and wooden wal kway framng, are initially a higher investnent,
but may prove to be nore desirable than the alum num franes
tested during this study.



| NTRODUCT! ON

Fall chinook salnon (Oncorhynchus tshawtscha) have been

reared in |lower Colunbia River hatcheries as a mtigation nmeasure
to conpensate for inundated spawning and nursery habitat since
the construction and flooding of John Day Reservoir. However ,
these fish have normally returned to the fishery in the |ower
river, or to the hatcheries of Origin and have not entered the
areas in the Colunbia R ver system for which the mtigation
nmeasures were intended. Therefore, in 1983, the U S. Fish and
Wldlife Service entered into an agreenent with the Bonneville
Power Administration to evaluate rearing wupriver bright fall
chinook salnmon in tenporary rearing facilities installed in
backwaters and adjacent ponds along the Colunbia R ver, between
John Day and Priest Rapids 'dans. Fish reared and acclimated at
sites along this stretch of the md-Colunbia River would then
return to the release sites rather than to the hatcheries of
origin in the lower river.

During the first year of the study, 1983, potential study
sites between Priest Rapids Dam and John Day Dam were eval uated
in terms of accessibility, physical characteristics (depth, water
source and exchange, size etc.), and location (Novotny et al.
1984). Various rearing scenarios were subsequently tested in
net pens installed in the tw study sites selected--a pond
adjacent to the Colunmbia River Social Security Pond (river km
468), and a backwater, Rock Creek (river km 367)--in 1984, 1985,



and 1986 (Novotny et al. 1985; 1986a; 1986Dh). In addition, a
barrier net was constructed at Rock Creek to sinulate a |owcare
backwater rearing scenario during three years of rearing, 1984-
86. control dgroups of juvenile. fish were reared in the hatchery
during all years as a means of conparing off-station rearing
success and return of adults with that of the hatchery.

Plans to rear fish at Rock Creek and Social Security Pond in
1987 were abandoned when it was |learned that the upriver bright
stock spawned at the Little White Salnon National Fish Hatchery
(LWSNFH) had been exposed to infectious hematopoietic necrosis
(IHEN} during the ilnhitial stages of rearing. Agencies concerned
with the managenment of upriver stocks (Oregon Dept. of Fish and
Wlidlife, wWashington Dept..of .Fisheries, U. §. Fish and Wildlife
Service, and *Columbisa River Intértribal Fish Commission) jointly
concluded that the risk of twansferring potentially-infected fish
to the upriver rearing sites ‘was’ too great and contrary to
disease poliwy.

Therefore, an alternative plan was devel oped which called
for the rearing of fish. in net pens in Drano Lake, the receiving
body of water for the effluent releases of the LWNFH Thi s
strategy allowed for the continued testing of warious rearing
densities and the conparison of hatchery controls with pen-reared
fish. The entire study p&an originally intended fox Rock Creek
was essentially transferred to Drano Lake, including all net pen
rearing, with the exclusion: of the installation of:a barrier net.

Addi tional disease problems developed at LWBNFH with the



diagnosis of |IHN in wupriver brights in the hatchery raceways,
including those being nonitored as controls for this study. The
control fish were subsequently destroyed along wth the entire
upriver bright production in the hatchery. I HN was not diagnosed
in any of the groups reared off-station, therefore, they were

rel eased as pl anned.

METHODS

Water Quality and Zoopl ankton

Water tenperatures were recorded daily at one neter below

the surface, and weekly at one-neter intervals from the surface

to the bottom Di ssol ved oxygen profiles were nonitored weekly
in, or near the net pens. Alkalinity, nitrate/nitrite,
ort hophosphat e, t ot al organic <carbon, t ot al iron, t ot al

manganese, and ammbnia were nonitored near the beginning, mid-
point and conclusion of —rearing in Drano Lake, These water
quality sanples were transferred to a private consultant for
anal ysi s. Secchi disk, pH and conductivity readings were
recorded periodically during rearing.

Zoopl ankton densities were nonitored weekly by sanpling a
vertical profile of the water column in the area where the pens

were Jlocated wusing a Wsconsin net.



Fish Rearing

Adult wupriver brights were captured by the Oregon Dept. of
Fish and WIldlife at the Bonneville Hatchery and the Bonneville
Dam fish |adder during Septenber and transferred to LWSVWH for
spawni ng in Decenber. Hatching and initial rearing was conpleted
at LWBNFH.

Equi pnrent for rearing fish in Drano Lake was transferred
from Rock Creek and Social Security Pond during the first two
weeks of March after the proposal to nove the study was eval uated
and approved by all concerned parties. Drano Lake is an 85. 8-
hectare (212-acre) backwater |ocated near river Kkilonmeter 262
(river mle 163) on the Wshington side of the Colunbia R ver.
The outlet is a 100-neter opening (approximtely 300 feet) to the
main river, mnmaking water: |evel fluctuations (comonly 1.0-1.5 m
overnight) in the backwater subject, to the water |evel elevation
changes in the Bonnevills pool. Pens were anchored al ong the
north shore of the backwater in water ranging in depth from6-8 m
(20-30 feet), depending on water |evel elevations in the
Bonnevi |l |l e pool .

Fish were stocked in net pens (6,Imx 6.Ilmx 2.1m with 3.2mm
mesh netting) during the second and third weeks of March at a
size of , 58-.62 g (730-760/1b) and were reared in pens during the
subsequent three-four weeks, prior to coded wire tagging. During
this period fish were fed a 34% body wei ght/day ration of Biodiet.

Coded wire tagging (cw) was conpleted on site from April 1



to 15; as fish were tagged, they were distributed anong the
various treatnents and transferred to pens with 4.8-mm nesh
(Appendix 1) . Size of fish at the tinme of distribution varied
from about 0.9-1.1 g~ (415-500/1b) depending on when, the fish
were tagged. Fish were started on a ration of Abernathy Dry at a
rate of 3-4% body weight/day soon after stocking In the various
treat ments.

Treatnents tested In 1987 included the testing of various
densities of fed and unfed groups in net pens,. Among -~nd
treatnents, four cwt groups of about 50,000 fish/group were
stocked in twelve pens at "regular" density--.2,6 kg/n8 (.016
Ib/ft3), with a nean nunber of 18,340 fish/pen; two owt, groups of
about 37,200 fis,h/pen wene stocked in two pens at "double 11
density-.52 kiff/ma (.,032,1b,/ft3); two cwt groups of about
55,000 fisb/pen were, stocked In tw pens at "triple"
density--.78 kg/M3 (.0,48 Ib/ft3); and two cw groups of about
75,000 fish/pen were. stocked in two pens at "quadruple”
density--.87 kg/nB8 (.053 | b/ft3).

Densities teated i.n fed treatnents in pens were conpared with
maxi mum recommended | oadi ng densities used in hatcheries (based
on surviva-1 to adult) using three nethods; 1) a spati al

i ndex, which is an expression of weight of fish per unit vol une
of rearing space (Piper 1970); 2) a density Indsx-j which is,

the ratio of weight of fish per unit volune to the nmean | ength of
the fish In the rearing enclosure (Piper et al. 1982); and 3) a

fl ow i ndex, which relates weight of fish per unit volune
6



of rearing space, to rate of water exchange through the rearing
facility (Piper et al. 1982).

Fish sizes were standardizer to a stocking size of 2.0 g and
a release size of 4.5 g for purposes of conparing densities anong
the various treatments. In practice,, sizes of fish at release in
sone of the treatnents may have been sonmewhat snmaller than the
4.5 g-fish used in calculating estimates for density conparisons.
Therefore, in some cases, expressions of density of fish In pens
in Drano Lake were slightly different than standardi zed rel ease
esti mat es.

In unfed groups, two pens each were stocked at |ow density--
991 fish/pen, .013 kg/m3 (.001 1lb/ftd); two were stocked at
medium density--1,982 fish/pen, .025 kg/m3 (.002 1b/£t3); and two
were stocked at high density--3,964 fish/pen ,051 km/m3 (,003
| b/ft3). Unfed fish were not cwt.

Three nethods were used to inventory growh using weight
change per two-week interval: 1) the standard hatchery practice
of weighing several pounds of fish Ilive, counting them and
calculating a nunber of fish/pound estimate; 2) perservation of
30-50 fish from each pen in 10 % formalin and subsequently
weighing them in the I|aboratory (to which a preserved/live
regression was developed and applied--Appendix 2); and 3) the
recording of individual weights of live fish sanpled from each
treatnent every two-weeks. Estimates of growth using these throe
met hods varied (Appendix 3), therefore converted preserved

wei ghts were conbined with individual live weights for nonitoring



growt h anong various treatnents.

Feeding rates were nmaintained at the prescribed 3-4% body

wei ght/day feeding ration throughout the rearing period.
Gowth was conpared anong all groups of fish nonitored, including
the hatchery, by applying a one-way, or a one-way nested,
anal ysis of variance and a Newman-Keuls nultiple range test (Zar
1984) to changes in fork lengths over the searing period.

An abbreviated record of field work conpleted in 1987 has
been included in a chronology of significant events In Appendix
4. A review of previous annual reports of pen rearing activities
provi des additional nethod and |ocation descriptions, as well as
a summari zation of past field activities and results (Novotny et

al. 1984 ; 1985, 1986a; 1986bh).

Fi sh Physi ol ogy

Snoltification was monitored using Na-K gill ATPase activity
as the primary indicator. Fish were collected live in the field
from net pens and from LWSNFH raceways and transferred to the
| aboratory where gills were clipped, fixed, and frozen according
to the nethods of Zaugg (1982); normally, 10 fish were sampled
bi weekly from each treatnent. I n addition, blood plasna
thyroxine (T4) levels were simlarly nonitored throughout the
period of rearing. Bl ood serum sanples were frozen and
transferred to the Oregon, Cooperative Fishery Research Unit for

anal ysis according to nethods developed by Folmar end D ckoff



(1981) .

One 24-h seawater challenge trial was conpleted using fish
fromregular and quadruple densities at the conclusion of the
rearing period. The seawater challenge is commonly used as an
indication of the readiness of snolts to enter the ocean. If the
fish are able to regulate blood-sodium |evels below 170 nmol /I
they are considered smolted, if not, they are not ready for ocean
entry (Wedeneyer et al. 1981).

Differences in blood-sodium |evels between regular and
guadrupl e density treatnments were tested in the absence of a
conparison between fish reared in the hatchery and those reared
of f-station. Fish reared as oontrols in the hatchery were
destroyed prior to the seawater challenge trials, therefore no
fish were available for conparison, Procedures wused in the
seawater challenge were the sane as used in previous years
(Novotny et al. 1986a; 1986b).

Bl ood plasma cortisol levels were nonitored for signs of

stress at transfer from the hatchery, one day after transfer, and

one week after transfer. cortisol was also monitored around cwt
dat es, including one day before, one day after, and one week
after tagging. Sanpl es were analyzed at the Oregon Cooperative

Fi shery Research Unit using nethods devel oped by Schreck (1982).
Routine health checks were conmpleted on each of the off-

station groups, as well as those nonitored in the hatchery,

during regular sanpling of growh and physiological condition

using the UWah fish quality indexing methods (Goede in press,).



These observations included sinplified blood work-ups,
exam nation of internal organs, and general evaluation of
external characteristics. Fish in net pens were also exam ned by
health officials at the Lower colunmbia Fish Health Center, Cook,
Washi ngt on, every other week, or nore often, au requested by

health officials.

Rearing Costs

Expenses of net pen facilities wused during the present
study as well as for other available net pen facilities, were
conpared using quotes from current (1987) costs. Hat chery
efficiency ratios (Senn et al. 1984) <calculated In previous
reports were updated wusing the nore conplete data set now

avail able, and additional rearing scenarios were included.

Adult Recovery

Wirs were installed in Rock Creek (proper) and in the
effluents (two |ocations) of Social Security Pond from the first
weak of Septenber through Novenber. In addition, a Merwin trap
net (1.6 cm bar nmesh, 9 mx 46 mlead, and 9 mx 9 m w ngs ) was
enpl aced at Rock Creek and fished throughout Septenber, OCctober,
and Novenber. Nurmbers of adult returns to the rearing sites were
augnented with recovery information available from the Pacific

Mari ne Fi sheries Conm ssion for releases of fish in 1984 and 1985.

10



RESULTS

Water Quality

Water tenperatures in Drano Lake ranged between 6 C and 15 ¢
but remained below 12 C throughout much of the rearing period
(Fig. 1). Surface tenmperatures warnmed quite rapidly to near 15 c
during early May, but a cooling trend in air tenperatures held
the water tenperatures between 12 C and 14 C over the renainder
of the rearing period. In March and April, little difference was
noted between surface and bottom tenperatures. Wil e surface
tenperatures in My and June increased, bottom tenperatures
remained near 9 C, or only slightly higher. The cool er
tenperatures near the bottom in Drano Lake were apparently
influenced by the inflow of the Little Wiite Sal non River, which
averaged about 9 C over the rearing period.

Di ssol ved oxygen concentrations remai ned high throughout the
water columm in open water and in a high density pen which was
noni tored over the period of rearing for effects of high
densities on oxygen demand (Table 1). Concentrations decreased
over the rearing period in association wth warmng water
tenperature, but no effects due to the rearing of fish in Drano
Lake we're observed. Secchi disks readings ranged from 1.5 mto
3.3 m conductivities, from 49 to 105 m cronmhos/cm and hydrogen
ion concentrations, from 1.4 to 8.3 from early March, prior to

stocking of fish; until June:

11
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Figure 1. Surface and bottom temperatures in Drano Lake during
the rearing period, 1987,
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Table 1. Dissolved oxygen concentrations at the surface (S}, 2, 4, and 6 meters in open water near the
pens; at the surface (S) and near the bottom {B} of the net in a guadruple density pen; and
mean Secchi disk, conductivity, and pH readings from surface to bottom, Drano Lake, 1987.
Parameter Depth Date
3/4 3/15816 3/30 479 4716 4721 4729 B/T7 5/13&%185 5/22 5/29 6/4
Dissolved Oxygen S iz.8 12.4 12.8 11.3 10.8 10.6 10.1 10.5 10.0 10.1 10.1 8.6
{open water)
' 2 iz.g8 12.4 12.6 11.5 10.8 10.6 9.7 10.5 2.8 9.9 9.7 a.2
4 12,7 12.3 12.6 11.6 11.8 10.6 2.8 i0.5 9.3 3.6 9.6 8.8
3] — 12.2 12.5 il.6 10.0 10.6 9.9 10.5 2.5 9.8 9.5 i0.3
Dissolved Oxygen S —_ 12.3 12.2 1.3 11,7 11,9 11.2 8.2 10.1 —— - —
{in pen}
B — 12.0 i2.0 10.5 11.4 12.0 11.9 10.3 10.4 — —_
Secchi Disk X — i.b - 3.3 1.9 2.4 2.2 2.4 2.1 1.5 1.6 1.9
(m}
Conductivity X 55 54 50 49 57 57 59 61 — -— — 105
{(micromhos/cm2)
o X 7.6 1.6 — 8.0 7.4 — — — 7.8 8.3 1.1 —




Drano Lake, in conparison to the upstream sites, had |ow
al kalinities and low nutrient concentrations throughout the
rearing period (Table 2). Iron, manganese, and un-ionized

ammoni a concentrations also reflected a low nutrient |evel

subsequent deconposition, and water circulation in Drano Lake
prevented a build-up of food or waste from occurring. Ammoni a
concentrations sanpled on May 7 within the pens containing fed
fish were less than .05 ng/l (less than .02 ng/l un-ionized

anmoni a) .

Fi sh Rearing

Gowh and Survival of Fad Fish

Rel ease sizes of fed fish (using fork length for comparison)
anong the four treatnents tested in 1987 were simlar in regular
(72.03 mm, quadruple (71.13 mm, and triple densities (70.420
nm) (Table 3; Fig, 2). However, nean fork length of double
density fish at release (73.84 m) was significantly |I|arger
(P<.05) than either of the other high density treatnents, and
simlar to mean length of fish reared at regular density (Table
4).

On the final day for which a valid conparison of off-station
fish with hatchery fish was possible, May 11, fed fish In al
treatnents were significantly larger than control fish in the
hat chery (Table 5). IHN was positively confirmed in the 'hatchery
fish during the follow ng days, and they were placed on a

mai nt enance diet while decisiona about, and preparations for,

14



Table 2. Selected water quality parameters monitored at Drano
Lake during 1987 (valﬁes exbregbed in mg/1).

i mw.—az::::::::!::::dé:ﬁ:ﬁ‘:‘:: B e e et o e e e e e e e e
Parameter March 19 May 7 May 22

Buffering Capacity

Alkalinity as CaC03 22 31 28
Nutrients

Nitrate/Nitrite-N .05 <,08 .09

Orthophosphate“P u019 -003 |0Q8

Organic Carbon (total) 2.8 1.2 1.6

Indicateors of Poor Water Quality

Iron (total) .15 .16 .10

Manganese (total) 044 Q056 L0008

Anmmonia as N (un—ionlzed) <.02 <,02 <,02
s se oo O O S S S S LN

18



Table 3.

Stocking

deubie, t:r:ipi ’iﬁ%e

“',‘:l,es of fed fish reared at regular,
Fuple densities, Drano Lake, 1987.

Treatment Summaries Stocking

Regular
Numbey/pound 413
Mean Weight (g) 1.10
Pounds/f£t3 (kg/m3) .016( . 26)
Total Welight in Pounds (kg) 44.4(20.2)
Rearing Period (days) April 12-15

Double
Number 37,206
Number/pournd 413
Mean Weight (g) 1.10
Pounds/£13 {kg/m3) .0327,52)
Total Weight in Pounds (kg) 90.1(40.9)
Rearing Period (days) april 11
Number = . . 55,130
Nussber/pound 430
Mean Welght (g) 1.05
Pourds/£t3 (kg/m3) L048(.78)

Total Weight in Pounds (kg) 133.6(60.6)

Rearing Period (days) April 8 & 9
‘Quadruple

Numbex: 75,202

Number /pound 504

Mesn Weight (g) . 0.9

Pounds/ft3 (kg/m3) J053(.87)

Total Weight in Pourxls (kg) 149.0(67.7)
Rearing Periocd (days) April 2-4

Release

18,103
107
4,23
060{.98)
168.7(76.6)
May 21

36,826

101
4.48
«130(2.11)
363.4(165)

May 21

54,380.
110
4,12
176(2.87)
493.5(224)
May 22

74,358
105
4,34
«254(4.13)
710.8(322.7)

May 22

Difference

238(51)a
3086
3.13
044(.72)
123.4(56.4)
33--36

380(152)a

312
3,38
,098(1.59)
273.8(124.1)

40

749 (444)a
320
3.07
.128(2.09)
359.9(163.4)
42-43

843(467)a
399
3.44
.201(3,26)
561.8(255)
40-42

physiological testing,
lost to patural causes.,

16

a/ Difference includes both natural mortality and samples collected for
Parentheses indlcate mean number of each group



HATCHERY, REGULAR AND DOUBLE DENSITIES
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Figure 2.
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Mean lengths of fed fish reared at regular (1x),
double (2x), triple (3x), and gquadruple (4x) densities
in Drano Lake, and of control groups of fish reared at
the Little White Salmon Naticnal Fish Hatchery, 1987.
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Table 4. Summary of a nested one-way analysls of variance and a
Newman-Keuls multiple-range test comparing size of
fed fish using fork lengths in regular (1x}, double
(2x), triple (3x), and guadruple (4x)} densities on the
release date--May 21-23., Treatments with the same
grouping letter are not significantly different at the
.05 level. o

e e e e e e i e e v e TR ERERERERERE

Summarv of pested one-way ANOVA (P=.05):

Dependent Variable Source D.F, ANOVA 8.5, f-Value p>£f
Fork Length Density 3 393,31 3.18 0.0238
Pen(density) 14 1884.47 - 83.27 0.0001

Summary of multiple-range test:

Yarjable Density Mean Value N Grouping
Fork Length 2x . 73.84 59 A
1x 72.03 392 AB
4x 71.13 60 B
ax : 70.42 59 B

e o e e At e e et e e e e e e e S R @ R R T M R A A S e R R I S
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Table 5. Summary of a one-way analysis of variance (ANOVA) and a
Newman-Keuls multiple range test comparing size of fed
fish usiny fork lengths from all treatments tested in

Drano Lake, and from control groups reared in the Little

White Salmon National Fish Hatchery (LWSNFH) on May 11,
Treatments with the same grouping

12, and 13, 1987.

nunber are not sighificantly différent at the .06 level,

o e e e e T N N N T N N N S e R R N L R R R O N N N RS s s

Summary of one-way -ANOVA (P=.05):

Dependent Variable Source D.F. ANOVA 8.S. f£-Value
Fork Length Treatment 4 5040.51 0.,0001
Summary of multiple-randge test:
Variable Ireatment Mean Value N  Groubping
Fork Length 3 67,80 45 A
2% 66.96 46 A
4x 66,92 50 A
1x 66.23 43 A
LWSNFH 655,02 43 B
o o o e o e e T e e e e S e e I B e e e e e e e e S e e N N e R T N RS Em e =
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their disposal on May 20 and 21 were being finalized, Therefore,
neither growth nor physiology of the control fish, was nonitored
after May 11.

Si ze of hatcher; controls had been smaller than the size of
fish reared off-station until two weeks prior to the final
sanpling date (Fig 2). Mean fork length of ~control fish
nmonitored in the raceway at LWBNFH increased only slightly during
the final two weeks, from 63.50 mmto 55.02 nm while nmean wei ght
increased from 1.57 g (285/1b) to 1.77 g (255/1b).

Mean weights of fish at release were 4.23 g (107/1b), 4.40 ¢
(101/1b), 4.12 g (110/1b), and 4.34 g (105/1b), for regular,
double, triple and guadruple treatments respectively (Table 3).
Wei ghts were not conpared statistically because of the |arge
anount of variation associated with weights of small fish and
feeding periods--fish that had just fed would be |arger when
sanpled than those of the sane size, but which had not fed.
Total mean weight gain/fish ranged from 3.07 g at triple density
to 8.44 g at quadruple density.

Rearing periods differed sonewhat because of the on-site
tagging and distribution, lasting 33-36 days, 40 days, 42-43
days, and 40-42 days for regular, double, triple, and quadruple
densities, respectively (Table 3). Total weight of fish produced
per pen during the rearing period in Drano Lake in each treatment
was as follows: regul ar density-56.4 kg, double density-124.1
kg, triple density-163.4 kg, and quadruple density-256.0 Kkg.

Total food fed ranged from a nean of 251 kg in regular treatnents

20



to 1206 kg in quadruple treatnents, over the 33-43 days of
rearing.

Survival anong fed fish was good, with an average nortality
of less than 1% in all treatnments; nortality was slightly higher
in the highest density treatnments (Table 3). Significant |osses
did not occur during any two-week period, but |osses toward the
beginning of the rearing period and toward the end appeared to be
somewhat higher (Appendix 5).

The entire group of wupriver brights reared at LWSNPH were
destroyed after increased nortalities, noted in several of the
raceways on April 21, were diagnosed and confirnmed on May 5 as
bei ng | HN Fish reared in net-pens were closely nonitored,
especially after IHN was diagnosed anong the hatchery stock used
in stocking the pens. No pat hogens were detected however,
during routine observations in any of the fish reared off
-station (Table 6). Fish nonitored in the hatchery as a control
were taken from a raceway which remained undi agnosed until the
second week of May; total mortality in that particular raceway

was never higher than 0.4 %

Physi ol ogy of Fed Fish

GIl Na-K ATP-ase activity remained low in all off-station
treatnents throughout the rearing period, ranging from around 11
mcronoles Pi/nmg Prot/hr (units of activity) at the beginning of
the rearing period to between 15 and 20 units of activity at

rel ease (Fig 3). D fferences anong the four fed treatnents were
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Table 6. Summary of health inspections completed by the Lower
Columbia River Fish Health Center, Drano Lake, 1987.

Bacterial Parasite

Date Zampled Pen Number Virus Bxam Exam Exam
Mar 25 Temporary 1-6 17 6 0
Apr 16 Pens 2-12; 19-24 34 7 84
Apr 29 Pens 1-12; 19-24 54 0 54
May 6 Pens 1-12; 19-24 54 0 54

May 7 & 8 Pens 1-12; 19-24 432 0 a0
May 11 Pens 13-18 108 0 0
May 12 Pens 1-12; 1924 54 0 54

June 2 & A Pens & & 13-18 23 3 53

Sumary f£indings:

thogens wepe. found Ichthyophthirius, Soyphidia, and
JS 11s ve observed on skin and gills of some of the fish
sampled on June 2 and 3,
Additional comments:

Fish held in the raceways at the Little White Salmon Ha‘tchery
were dlaghbse”a“ IHN-—positive on Apml 22 (incréased mortalities
had been noted as early as April. 10). However, even though fish.
used in the net pen study were taken from the Little White Saimon
Hatchery raceways, no virus isolations occurred on any af the
samples examined from Drapo Lulke pens,

22
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Figure 3. Mean ATPase values of fed fish reared at regular (1x),
double (2x), triple (3%), and guadruple (4x) densitiers
in Drano Lake, and of control groups of fish reared at
the Little White Salmon National Fish Hatchery, 1987,

23



not significant at release (P> Ob)(Appendix 6). Hat chery contro

fish ATPase values remained very simlar to those of off-station

fish over the initial six weeks of conparison. However, on the
final date of conparison (May Il), values for hatchery fish were
significantly (P<.05) lower than in the treatnents of fed fish
reared off-station (Appendix 6),

GIl sanples were collected fromfish fromall treatnents as
t hey passed through Bonneville Dam 7-9 days after rel ease. Mean
ATPase activity for the fish collected at the dam (treatnents
grouped because of the relatively few fish sanpled--19) was 25.1
units of activity; nmean size was 5.1 g (89/1b).

In addition, a group of 160 regular density fish was held in
a net pen for tw weeks after release of fed fish from other pens
to nonitor ATPase activity as water tenperatures in Drano Lake
war med. ATPase activity in this group continued to increase, and
reached 23 units of activity at release, June 2, 'even though
water tenperatures remained relatively cool, between 12 ¢ and 14
c. Mean size of this group at release was 8.8 g (53/1b).

Bl ood serum thyroxine values of fed fish were simlar to the
val ues recorded in hatchery control fish during the initial
conparisons in late March and early April (Fig.4). Thyr oxi ne~
values of all fed groups were higher during the remainder of the
rearing period than values observed 'in the hatchery fish. Peak
concentrations anong fed groups occurred earliest in quadruple
densities and progressively later in triple, double, and regul ar

densiti es. Peak concentrations of all fed fish ranged between
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Figure 4, Bleood serum thyroxine (T4) concentrations (ng/ml) of
fed fish reared at regular (1x), double {(2x), triple
(3%), and guadruple (4x) densities in Drano Dake and
of control groups reared at Little White Salmon
National Fish Hatchery, 1987,
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7.5 and 13.0 ng/m.

Results of the seawater challenge trials indicated that fish
reared in regular density treatnments were able to maintain blood
-sodium | evel s below the 170 nmmol /1 | evel when exposed to 30 %
seawater for a 24-h period, while fish reared at quadruple
density remained slightly above 170 nmmol /I (Fig. 5). Blood
sodium |l evels of regular and quadruple densities were not
significantly different from each other either prior to exposure
to the seawater, or after the 24-h period. No nortalities were
observed in either of the challenge groups during the trials.

cortisol concentrations were nonitored as a neans of
recordi ng undue stress which mght occur during transfer or
tagging of the fish in Drano Lake. cortisol concentrations were
slightly elevated during transfer of fish out of the hatchery,
but |evels decreased after one and seven days after transfer
(Fig. 6). A slight elevation was also noted one day after
t aggi ng. Hi ghest cortisol |evels were observed a% the concl usion
of . the study in regular density treatnments; cortisol levels in

doubl e density treatnents were sonewhat | ower.

I I ival of  od Eisl

Gowh of unfed fish over the entire rearing period was nuch
slower than in hatchery control fish (Fig. 7). Fish were stocked
on April 15 at a size of about 1.0 g (46Q1b), and when the
monitoring period was conpleted (June 3, after 49 days of

rearing), nmean size of fish reared at .026 and , 051 kg/nB8 was
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Figure 5.

Results of seawater challenge trials, showing mean plasma sodium
levels in freshwater (FW) and seawater (SW) after a 24-hour
exposure, and summary of Newman-Keuls multiple range comparisons,
Dranc Lake, 1987. (continuous underlines indicate no significant
difference at .05 level)
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Blood serum cortisol concentrations (ng/ml) of fish
during transfer from the hatchery, one day after
transfer, and one week after transfer; one-two days
prior to marklng and one week after marking; and at
release in regular and quadruple density treatments,
Drano Lake, 19817,
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Table 7. Stocking and release summaries of unfed fish stocked in pens at
1, medium, and high density, Drano Lake, 1987,

Final release

figures summarize growth of unfed fish during the final two weeks

prior to release, during which time the fish werve fed.
—

Treatment Summary
stocking Summary;

Number
Number/ 1b
Mean Weight (g)

Density (kg/m3)
Total Weight (kg)

Stocking Date

Release Summary:

Nurbey

Natural Mortality
(%)

Sampling Mortality

Number/1b

Mean Weight (g)
Density (kg/m3})
Total Weight (kg)

Density
Lew Medium High
991 1982 3964
450 450 450
1.0 1-0 1!0
013 026 051
1.0 2.0 4.0
April 15 April 15 April 15
Pen # Pen # Pen #
123 14 15 16 i1 18
896 892 1880 1873 3365 3650
0 4 11 18 503 218
(0.0) (0.4) (0.6) (0.9) (12.7) (5.5)
95 95 91 91 96 96
Mean Mean Mean
395 560 568
1,15 .81 .80
013 Q19 037
1.0 1.5 2.9
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actually smaller than at stocking--.61 and .80 g, respectively
(Table 7). Unfed fish reared at ,013 kg/n8 grew slightly,
reaching a mnean size of 1.15 g (395/1b) on June 3, which was
significantly larger than either of the other unfed groups (Table
8). Total weight of fish produced did not change for fish reared
at . 013 kg/m8 and decreased for fish reared at both higher
densities.

Mortality of fish reared at.013 kg/n8 and ,026 kg/nB was
|l ow ranging from 0O % to 0.9 % However, nortality of fish
reared at .051 kg/nm8 was nuch higher-over 5.5 % in one pen, and

12.7 % in the other.

Phyvsi ol ogy _of Unfed Fish

ATPase activity in groups of unfed fish was relatively |ow

t hroughout nost of the rearing period, and values generally
decreased as density increased (Fig. 8). However, |evels of
activity observed on May 6 were uncharacteristically high for 1.0
g-fish, ranging from 10.0 units of activity for fish reared at
high density to 22.7 units of activity for fish reared at |ow
density. Subsequent activities were |ow during the renainder of
the rearing period, and bel ow those observed in fed fish.

Thyroxi ne concentrations in unfed fish remained |ow (|eas
than 5.0 ng/m) throughout the rearing period (Fig. 9). Values
were sonewhat higher than in hatchery controls and nuch | ower

than anong fed fish treatnents.
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Table 8, Summary of a one-way nested analysis of variance (ANOVA)
and a Newman-Keuls multiple range test comparing size of
unfed fish at the conclugion of the monitoring of the
fish on June 3, using fork lengths from all three
densities tested in Drano Lake during 1987. Treatments
with the same grouping letter are not significantly

different at the

e

05 level.

It Rt Gt ok Lt i Lt At it 4t s i s s e Sl o ok it e e o el P Pt St A i S s P v o P b e M Jmkd ki A S S
== - e e

Summary of nested one-way ANOVA (P=.05):

Dependent Variable Source

Fork Length

Summary of multiple-range test:

Density
Pen(density)

Variable Density Mean Value
Fork Length Low 54.91
Medium 49.47
High 49.16

D.F,

ANOVA S.8,

F-Value P>f

32

2093.26
421.81

41.68 0.0001
5.60 0.0010

N Grouping
101 A
100 B
97 B




Figure 8,
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Utah Fish Quality |ndex

Al groups of fed and unfed fish were nonitored to assesb
effects that various rearing scenarios mght have on general
health and quality using the autopsy technique devel oped by the
Uah Division of WIdlife Resources (CGoede, in press). The
general quality of fish reared in Drano Lake was conpared to the
control group reared at the LWBNFH.

observations anong groups of "fed fish were generally very
simlar regarding all categories (Appendices 7-10). Undesi rabl e
effects of rearing fish at the high densities tested in 1987 were
not observed anong sanples of fish routinely collected from the
four treatnments of fed groups.

condition factors of all four treatnments of fed fish
remained relatively high throughout the rearing period, and
tended to increase during the final two-four weeks. Mesenteric
fat content in fed fish also increased over the peri od. Si gns of
acute stress, as indicated by severe henorrhage in the thymus
were rarely observed; mld henmobrrhage was noted in up to 39-40 %
of the fish in fed groups during the latter stages of the rearing
peri od. O her observations, including blood work-ups, were
normal and differences anong the groups were not apparent.

Size of fish in the control groups at the hatchery were
sonewhat smaller over the period, and condition factors were
slightly |lower than observed anong fed groups (Appendix 11).

Bl ood hematocrit and serum protein concentrations were very
simlar to those observed in fish in fed groups. Mesenteric fat
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in hatchery fish was generally lower than in fed fish, but thynus
henorrhages were | ess preval ent. No other notable differences
were apparent in conparing hatchery control fish with fed fish
reared in Drano Lake.

Poor health quality of unfed fish was denonstrated by |ow
condition factors and the extrenmely Ilow serum protein levels
observed ; both factors appeared to be affected by higher
densities and time (Appendix 12). Bl ood henmatocrit
concentrations in unfed fish also tended to decrease during the
rearing period, while those observed in groups of fed fish and in
hatchery fish increased slightly. However, hematocrit |evels
remained within the limts of those observed in all other fish.
Mesenteric fat in unfed fish was noted in only the initial sanple
on April 23. All other nonitored fish health criteria were

normal for unfed fish.

Density Rel ationships

Densities normally wused at Spring Creek National Fish
Hat chery (SCNFH) and LWSNFH for rearing upriver brights were
conpared with those used in the rearing of fish in off-station
enclosures at all sites in terns of rearing space (spatial index),
a conbination of rearing space and size (density index), and a.
combi nation of space and flow (flow index) (Table 9). Densities

tested thus far include rearing scenarios ranging from 8,000
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fish/pen (0.43 kg/nmB) in 1964 to 76,000 fish/pen (4.20 kg/nB) in
198-1. Control groups were reared in the hatcheries during the
four-year period at about 10.30 kg/nB at SCNFH and 26.48 kg/n8 at
LWWENFH.

The densities recommended for maxi mum growh and survival in
rearing upriver brights at the tenperatures and sixes used in this
study is 14.30 kg/nB for a single pass' water circulation system
(Ranks et al. 1979). Of-station rearing was considered a single-
pass system the LWBNFH was using a single pass system while SCNFH
was using a water treatnent/reuse system during these studies.

Normal |y reuse systens are able to rear only about one-half the
densities reared in a single-pass system (Wdeneyer et al. 1981).

Maxi mum densities per unit volune tested during pen rearing
trials have been nmuch |lower than either those actually used in
the hatcheries or nmaxinmum densities recommended for wuse in
hat cheri es. Density indices (density per unit volune/nmean |ength
of fish) which are commonly used in nanagenent of national fish
hatcheries were also much lower than in either of the hatcheries
and less than one-third of the recomended maxi num

The entire spectrum of spatial rearing scenarios used in the
pen rearing study Including fish sizes from about .5 g (900/Ib),
about the snallest size able to be transferred from the hatchery
(J. Manning, Manager, LWBNFH, personal comunication), through
release size at about 100/lb, are summarized in Figure 10.
Spatial density limts for tenperatures encountered in Drano Lake

for the rearing of chinook salnon (Banks et al. 1979) were mnuch
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Table 9. Summary of rmumbers of fish reared/treatment, density relatmnships
(expressed in terms of space, density indices, and flow), ard years
of ccmpermson for flish reared OFF- ant ON-station during pen
rearing trials at Social Security Pond, Rock Creek, and Dranc Lake,

Magimim densities recommended/rearing facility based on

fish at a release size of about 100/1b{4.8g).

1984-87.

OFF—~STATION:
’ Flow Index\a
Nunbey/ Space Density Density Ib/g/m Years
Treatment b/ 43 (kg/m3) Index\a length(inches) Compared
8,000 0.027 (0.43) .0094 .07-~.32 1984
18,500 0.065 (1.05) 0226 ,18~,74 1984 ,-85,-86,~87
37,000 0.131 (2.10) .0456 .35~1,48 1986,~-87
55,000 0.196 {3.15) 0683 .56~2,22 1986, ~87
75,000 0,265 (4.20) .0923 .74~3.,00 1987
ON-STATION:
250,000(SCNFH) 0.65 (10.30) . 22685 1.20 1984 ,-85,-86
250,000 { LWSNFH) 1.87 (26.48) 5818 1.90 1986, ~87
MAXTIMUM: 0.90 {12.30)\a .35-.40\c 1.29~1.76

a\ Piper et al, 1982 (from Wademeyer and Wood 1974).
of temperatures from 9 to 14 C and based on a water exchange in net
pens of 1 to 4 hours.

b\ Banks et al. 1979,

c\ U.8.F.W.S. hatchery practices.
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hi gher over the range of growh observed thus far in the pen
rearing study.

Wat er exchange in net pens has been extrenely difficult to
nmeasure since pens are subject to continually, changing water
currents. However, using dye and the subsequent observation of
flushing time through a pen at Drano Lake on a calmday (O 5 nph
-winds), it was estimated that approximately four hours were
required for conplete exchange, as indicated by the disappearance
of the dye fromthe encl osure. It was therefore concluded that a
four- hour exchange woul d be near nmaxi num at |least in Drano Lake,
and that increased wind velocities would increase water exchange.

A flow index fox rearing fish in a net pen was constructed
using the estimated water exchange rates, and concl usions
devel oped from the above exercise as an exanple of the range of
flow indices which may be encountered when rearing fish in pens
(Table 9). Fl ow i ndices of naxinmum densities tested in 1987
quadruple treatnents, ranged from 0.74-3 .00 Ib/g/mn using an
estimated water exchange rate from one to four hours. Fl ow
indices of other high density treatnents, including double and
triple densities, were also relatively high during periods of
nunmbers of fish reared per raceway, enploying flows and
tenperatures normally used, were 1.20 and 1.90, respectively.

Figure 10 represents maxi mum recommended flow densities at
the range of tenperatures encountered. during 1987 (9 Cto 14 O,
over the range of sizes of fish reared (unshaded,). Maxi mum fl ow

indices tested (quadruple treatments thus fax represent the size
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Figure 10, Densities tested in pen rearing trials in terms of
flow {a) and space (b). {(a) Flow relationships ,
(1b/g/mn) include quadruple density with a range of

-water ‘exchange in a net pen of one-four hours .
(shaded); unshaded area represents the maximum density
reconmnended for the wange of temperatures encountered
in Drano Lake in 1987. (b)) Density expressed in terms
of weight/unit of volume (lb/ft3) with shaded area
representing the range of densities tested in pen
rearing trials thus fapr; maximum recommended
densities/unit volume are depicted as "density

limit" over the range of sizes reared off-station.
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limted water exchange in reation to the maxi mum reconmended
flow index for chinook sal non. Regul ar density treatnments were
bel ow t he maxi num recomended fl ow i ndex.

Flow indices in the hatcheries were much nore predictable
because of the wunidirectional control available in a hatchery
raceway. At SCNFH and LWBNFH the flow indices calculated for the
range of 'fish reared in Drano Lake in 1987 (700 1b to 10QJ1b) at
wat er exchange rates ranging from one-four hours (shaded). Fl ow
indices for pens wth larger-sized fish at quadruple density
woul d exceed the recomended maximum during periods of reduced
wat er exchange, but in the presence of higher exchange rates,
fish reared at this density would be below the naxi mum even at
hi gher water tenperatures.

Costs of Rearing Fish in Net Fens

Rearing scenarios tested during the past 4 years are
summarized in Table 10. Stocking and release sizes were
standardized (2.0 g at stocking and 4.5-6.0 g at release) in
order that sone of the variables in the cost conparisons could he
m nim zed However, other variables included in the conparisons,
primarily operation/ mintenance and |abor expenses, are subject
to changes in nmanagenent procedures, and may be higher, or |ower
than the estimted expenses presented in this report.

In addition, costs presented and used in devel opi ng hatchery

efficiency ratios (Senn et al. 1984) include the use of, and
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Table 10.

Rearing scenarios tested during pen rearing trials using a stocking size of

about 2.0g and a release size of 4.5 10 5.0 g, with ranges of predicted costs
for all factors invoived in the rearing of 1000 Ib of fish. Expense jtems

include those categorized as "fixed/initial" including all initial rearing

equipment reguired for the study, and "variable/anmal® including alil
recurring expenses which would be subject to charges affected by operation.\a
Hatchery efficiency ratios for each rearing scenario is included for the
range of densities tested in 1987.

Expense Ttem\b

Fized/initial:

Requiar Density Double Densikty

(.065 1b/ft3)

(.131 Ib/ft3)

Triple Density

{.196 1b/ft3)

Quadruple Density

{.265 Ib/FL3)

Frames, amchors,.etc. $§ 16,515-19,737 $ 8,056- 9,667 $ 5,438- 6,646 $ 4,028 4,834
Feeders ] 3,403- 4,067 1,660~ 1,992 1,120- 1,370 J30— 966
Nets & covers 4,715~ 5,635 2,300- 2,760 1,552~ 1,898 1,150- 1,380
Total $ 24,633-29,439 S 12,016-14,419 $ 8,110- 9,914 $ 6,008- 7,210
Variable/amnmial :
Feed cosis $ 400—- 550 S 300~ 450 $ 3B0- 400 S 425~ 425
Q&M 1,472—- 2,944 go0- 1,442 45— 991 300- 721
Iabor 2,460- 3,675 1,200~ 1,800 810~ 1,238 600— 900
Total $ 4,332- 7,169 $ 2,100~ 3,692 $ 1,565- 2,629 $ 1,325- 2,046
Nmber of pens .
recarired: 8.2 - 9.8 4,0 — 4.8~ 2.7 - 3.3 2.0 - 2.4
Hatchery Efficiency
Ratio ($/1b) : § 7.72 - 8.97 $ 3.70 — 5.58 $ 2.65 — 3,92 $ 2,13 — 2.99

a\ The estimated costs listed here may be higher than those cbserved during actual rearing
{rials because growth of fish wes sovewhat higher in our studies than conservatively
estimated in these expe

b\ Expenses included as follows: 1) Frames, anchors, etc.-$2,014; 2) Feeders—$415; 3) Neis &

covers-$575;

4} Abernathy dry feed-9$0.45/1b; 5) Operations & Maintenance figured at

between 5 and 10 %; 6) Labor figured at between .012 and .015 man-vear/pen at $25,000/vr.



reflect the cost of, alumnumfraned pens; other types of framng
may be nore cost-effective over an extended period,. Ther ef or e,

the costs of alternative pen franes have been solicited, and are
included in Table 11.

A range of expenses, and the estimated nunbers of pens
required per 1000 Ib of fish reared., was cal cul ated based on the
results of the pen rearing trials during the past four years
(Table 10). A range of estimted expenses was included to account
for differences in growh, release size, and length of the rearing
peri od. By increasing the nunbers of fish reared per pen from
regular to quadruple density, fixed/initial costs, as well as
vari abl e/ annual expenses, were decreased considerably. Nunber s of
pens needed to produce 1000 Ib of fish were reduced from 9.8 pens,
to 2.0 pens.

Alumi num frames are the |east expensive, with initia
expenses for equi pment of $3,216 (Table 11). Pol yet hyl ene franes,
the nost recent entry into the nmarket, cost about $5,565, while
wooden wal kway frames cost about $5,365' per unit; wooden wal kways
are | ess expensive when 'constructed in arrays of several net pens
whi ch share comon si des.

Labor for set-up and weight of fram ng would be inportant
considerations for managers if net pen rearing were to be applied
on a managenent basis for rearing fish in backwaters along renote
sections of the Colunbia River. Esti mated | abor set-up costs per
unit range from $50-$125, with cost of set-up of polyethylene

frames the lowest. Aluminum franes are relatively light at 400
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Table 11. Various commercially available pen-rearing facilities
including aluminum, polyethylene, and wooden wallkway framing,
Expenses for wooden wallkways include those for a single pen,
angl for a multi-pen aryay. Costs of aluminum and
polyethylene framing would not be affected by multi-pen
arrangement, Hatchery efficiency ratios for rearing 1000
pourds of fish at regular density are included for all

facilities.
j ¥Wooden Walkway\a
Item Aluminum\a _Polyethylene\b One Pen Array
Frame (20'x20') $ 1,800 : $ 3,700 $ 3,500 $ 2,500
Anchor (75-100 1b) 150 600 600 400
Net (20'x20'x13') 750 750 750 750
Feeder 415 415 415 415
Cover 100 100 100 100
Total $ 3,215 $ 5,565 g 5,365 % 4,165
Set-up costs ($) \c 75 50 125 100
Set-up costs (man-hours) 6 4 8 10
Frame weight (lbs) . 400 100 8,000 -
Efficiency Ratio ($/1lb) $ 7.72 5 9.53 $ 9.96 $ 8.59

a\ Topper Inlustries, Vancouver, WA (1987 prices).
b\ Industrial Plastics, Washougal, WA (1987 prices).

¢\ Set-up costs include labor for assembly of each frame, installation
of nets, anchoring, and final emplacement.
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pounds per unit, while wooden wal kways wei gh about 8,000 pounds
per unit; polyethylene franes wei gh about 1000 pounds per unit.
Al three types of frames could be disassenbled, transported or
stored, and reassenbled at a targeted rearing site, but
transferring the lighter assenblies would be a sinpler task.
Estimated hatchery efficiency ratios using rearing scenarios
tested during the present study, and enploying alum num net pens,
ranged from $ 2.13/1b at quadruple density to a maxi num of
$ 8.97/1b at regular density. Efficiency ratios conparing the
rearing of fish at regular density using alternate facilities
reflected the initial higher costs of polyethylene and wooden
wal kways (all frames were given a 20 year usage: in practice,
usage may be extended or shortened, depending on care).
Estimated efficiency ratios ranged from $7.72/1b using alum nun

pens to $9.96/1b for single wooden wal kway design

Adul t Recoveri es

Adult recoveries of fish released from Rock Creek and Soci a

Security Pond in 1984 and X985, and additionally from the

hatchery in-river harvest are included with fish recovered at the
respective sites. Fish recovered as "2's" were precocious males
"jacks"; the only other adult return information avail able was
the recovery of three-year old fish fromthe 1984 rel eases.

No fish were recovered at Social Security Pond from either

1984 and 1985 rel ease groups. However, jacks and three-year old
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Table 12. Adult recoveries from releases at Rock Creek (RC), Social Security Pond (SSP), and Little
White Salmon Hatchery (H) during pen rearing trials in 1984 and 1985, inciunding on-site,
ocean and in-river recoveries. (Data includes only coded wire tagged recoveries.)

Release Homber Tag On-~site Recovery Ocean Recovery _In—river Recovery
Year Released Code 2's 3's 4's &'s 2's 3's 4's 5's 2's 3's . 4's §'s
1984 73,804  SSP(H5-6-6) 0 o 3 32 8 14

76,831 RC(H5-6-7) 10 1 5 103 10 5B
1985 99,169 SSP{HH-T1-2) 0 9 3
105,406  SSP(H5-7-3) 0 4 6
117,025 RC(H5-T7-1) 4 13 8
115,937 RC{H5-T-4) 2 10 0
62,960 RG(HH-T-5) 3 0 0
66,679 RC(H5-7-6) 7 1 0
19,455 H({5-12-50) 0 0 o
19,340 H({5-12-51) o 9 0
21,024  H(5-12-56) Q v 0
25,430 H(5-12-57) 2 0 0

16,807 H(H-12-52)
17,714 H(5-12-53)
24,488 H{5-12-54)
24,525 H(5-12-55)

- QND
WOoOoO W
OWwoo




fish were recovered in ocean and in-river harvest. Jacks from
fish reared at Rock Creek were captured at the rearing site both
years, but only one adult has been captured. Ccean and in-river
recovery of Rock Creek fish, however, has been mnmuch better than

that of either Social Security Pond or hatchery controls.

DI SCUSSI ON

The decision to nove pen rearing trials to Drano Lake in
1987 presented an opportunity for continued testing of rearing
densities, even though potential disease problens recognized
at the hatchery percluded the transfer of fish to Rack Creek and
Social Security Pond, Whien | HN was diagnosed in upriver bright
juveniles at the hatchexy, they were disposed of, elimnating any
future conparison between adult and hatchery recoveries' for
rel eases nmade in 1987. however, a conparison of growh and
physiology of fish in the hatchery and in the pens was possible
over an B-week period., and the occurrence of IHN in hatchery
fish,, and not in fish reared off-station was an observation
which may be noted in future,, rearing strategies in dealing with
di sease problens in hatcheries.

Gowt h and physi ol ogi cal devel opnent of hatchery fish had
basi n sonewhat behind the fed groups in net pens through the | ast
week in April On the final date of conparison, growth and

ATPase activity of fish in the hatchery had fallen significantly
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behind fed fish in Drano Lake, Tenperatures increased in Drano
Lake during this period from about 10 C to over 14 C while
tenperatures in the hatchery remained around 9 C over the entire
rearing period. There was no way of determining if the inpending
effects of the virus had slowed the devel opnent of hatchery fish
The potential for sone effect on the hatchery fish existed, even
at the low rates of infection diagnosed in the raceway nonitored
as a control.

IHN was diagnosed in fish reared in all raceways in the
hat chery. Therefore the likelihood that fish transferred into
the net pens had been exposed to IHN in the hatchery was high.
When intensive sanpling of the Drano Lake fish for disease failed
to detect any signs of pathogens, speculation about the absence
of IHN in net pens led to a conbination of three concl usions
(personal comunication Janes R W nton Seattle Nationa
Fi shery Research Center): 1) tenperatures of below 9 - 10 C
(Little Wiite' Sal nmon raceways) would tend to increase the
i ncidence of the outbreak, while tenperatures above 10 C (Drano
Jake tenperatures) would decrease incidence; 2) the |ower
densities of fish in net pens than in hatchery raceways, also
tended to reduce the incidence of the disease: 3) the fish reared
in net pens were probably fromearlier egg takes at the hatchery,
and had a lower titer than did |later egg takes.

The cool water tenperatures in Drano Lake resulted in
slower rates of growh than those observed during previous years

of off-station rearing at Rook Creek and Social Security Pond;
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density differences noted in 1986 studies were not apparent in
1987. In addition, blood-Na |evels and ATPase activities in high
(quadruple) and regular densities at release were simlar,
i ndi cating that physiol ogical devel opnent anong the various
densities of fed fish in Drano Lake proceeded at a simlar rate.
Mortality was slightly higher in higher density treatnents, but
remained low in all treatnments throughout the rearing period

The possibility of a Ceratonyxa outbreak, as well as I|HN,
exi sted throughout the rearing period. Therefore, a small group
of fish reared at regular density was held for an additional two-
week period after release to extend the test of the incidence of
either of the diseases, as well as other pathogens which m ght
potentially affect rearing of fish in backwaters. This group of
fish remained healthy and physiolotical devel opnment continued to
proceed normal |y

The collection of fish passing through Bonneville Dam
indicated that released fish had in fact, passed out of Drano
Lake and actively m grated downstream during the first week
followi ng release (personal conmunication, Katie Ti mmerman
National Marine Fisheries Service, Bonneville Dam). These fish
continued to grow, and ATPase activities had increased during the
interim

Unfed fish grew poorly in Drano Lake. Al though fina
zoopl ankton sanpling analyses were not available, prelimnary
obsrrvations indicated that populations were much lower in Drano

Lake than at Rock Creek in either 1985. or in 1986. sl ow rates of
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grow h anong unfed treatnents at Rack Creek in 1985 and' 1986 were
attributed to low densities of zooplankton. Available food,
primarily zoopl ankton, apparently limted growmh of unfed fish in
Drano Lake. Wiile available food was sufficiently abundant to
marginally maintain unfed fish at the |low density, and to a

| esser extent, medium density, there was insufficient food

avail able for high density fish, resulting in the nortalities.

Observed physiol ogical activity of wunfed fish was
unexpected, at least in the respect of what was observed anong
unfed fish in previous years. The limted availability of food,
and resulting perceived starvation, nmay have triggered a
physi ol ogi cal response when conditions changed as food becane
nore abundant during the |ast week of April and first week of
May. ' These changing conditions resulted in a Iimted amount of
growth, and the developnment of wunusually high ATRase values in
relation to all other treatnments observed.

It is difficult to determne optimal densities for growh
and devel opment of fish in net pens, primarily because of the
rel ati onship water exchange has with avail able rearing space. in
areas where unidirectional forces occur, passage of water through
a net pen may be estimated with a certain anount of precision.
However in backwaters, where water exchange is subject to
incalcul able effects, water: exchange is nuch nore difficult to
assess. For this reason, densities of fish reared in net pens
during these studies 'have tended to be low in relation to the

densities of fish reared in hatcheries and in other pen rearing
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scenarios (Senn et al. 1984)

The attenpt to address this problem by observing the passage
of dye through. a pen was no% concl usive However, these
observations confirnmed that a cautious approach to the
rearing of large nunbers of fish, was advisable, especially in
situations where long periods of quiet water conditions would be
encount er ed. Even though densities of fish reared in pens have
rems ined below what are considered "maximum" in terms of space,
quadryuple densities may have actually approached a maximum during
peri ods when water exchanges within the pens are extended. No
indication of limted water exchange have been observed during,
pen rearing trials thus far (low concentrations of dissolved
oxvgen, high concentrations of ammonia), which may indicate that
maxi mum numbers per enclosure remain untested,

Costs of rearing fish using net pens are obviously affe.tad
by the nunbers of fish per enclosure i.e. the nore fish per pen,
the lower the costs. In addition, the type of enclosure, the
length of service expected fromthe enclosure,, and the anmount and
type of service (labor, operation/ maintenance) required during
the rearing of the fish nust be considered in order to develop a
range of expected expenses using the densities tested.

The range of expenses cal cul ated for densities. tested during
these studies include expenses associated with net pens
constructed with alum num frames. Alumnum framng was initially
purchased for these studies because of the |lower cost and ease of

assenbl y. A rearing facility that could be transferred and
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reassenbled at renote sites was necessary, since, in practice
rearing sites mght change vyearly, depending on the rearing
scenari os desired. The franes have been easily transferred, and
are light and efficient to reassenble. However, the frames
require a relatively high anount of maintenance, especially in
hi gh wi nds or waves.

QG her fram ng including polyethylene and wooden wal kways,
may have advantages over the alum num frames which woul d nake the
initially-higher investnment worthwhile, especially for managers
who intend to enploy net 'pen rearing routinely in their
operation. Advantages of polyethylene framng include durability
and ease of transport and assenbly, while wooden wal kways provide
an exiremely stable and substantial system both types of framng
have extended, predicted periods of usage. The primary
di sadvant age of polyethylene framng is the high initial cost;
wooden wal kways are difficult to transfer between sites once In
pl ace.

Adult returns to the sites of release have been |ower than
anti ci pat ed. Recoveries in the ocean and In-river harvest were
encour agi ng, however. The returns, although prelimnary as far
as final canparisons and cost/benefit analyses are concerned,
indicate that survival of fish r&eased off-station to adult,

especially from Rock Creek, in 1.984 and 1985 was good.
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Appendix 1. Tagging and retention sumaries for fish coded wire tagged
wing pen rearing studies, 1987,

]
¥

Reguiar Density
Stocking date 4/12 4/13 4/14 4/14 & 15
Code 5B-1-1 5B-1-2 5B~1-3 5B~1~4
Total tagged 55,532 55,266 55,407 53,888
Total mortality 820 777 686 571

Total Released 51,954 54,489 54,712 T83,326
Adipose olip/no cwt 3,221 4,414 4,213 5,546
No clip/with cwt 883 218 492 213
No clip/no cwt 104 0 55 160

Total clipped/cwt 47,746 249,857 49,952 47,407

released
High Density
Double Triple Quadruple

Stocking date 4/10 & 11 4/8 & 9 4/3 to 1
Code B-1-6 5B-1-5 5B-7-14 5B-~7-13 5B-2-2 5B-2-1
Total tagged 37,060 47,151 56,193 55,068 75,228 15,176
Total mortality 301 459 745 756 979 708

Total released 36,760 36,802 54,448 54,813 4,240 74,468
Adipose clip/no ecwt 2,022 3,579 4,356 - 2,987 8,538 11,394
No clip/with cwt 404 1,660 1,525 1,304 3,044 2,383
No clip/no owt 110 0 272 326 520 1,042

Total clipped/cwt 34,223 31,65‘15 ""2&8‘,'295 49,696 62,146 59,649
released

e~ ——

1l
H
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Y=1.041 (X) +.338, N=837, R2=.989

80
75
70+
65+
60+
55+
50+

LIVE LENGTH

+ actual
- predicted

35 40 45 50 55 60 65 70 75
PRESERVED LENGTH

Y=,8067 (X) -.0458, N=737, R2=, 986

LIVE WEIGHT

+ gctual
~- predicted

O T 2 5 4 &5 %

PRESERVED WEIGHT

Appendix 2. Preserved/live comparisons of lengths and weights,
and respective regression formulas calculated from
repeated measurements and weights of live fish
collected throughout the rearing period, 1987.
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Appendix 3.

Pen
Number

10
11
12

Summary of size estimates completed on release groups of
regular debisity pens, InGiiHinY standard water-weight hatchery
procedures {number of fish/pound and mean size in grams),
weights of fish preserved in 10% formalin, weights of the
preserved Fish converted to live weights using the
presetved/live regression formula, and individual 1live welghts
of representative saimples of the group at release.

3

2

.

P———

Water Wi, Water Wt. Preserved Converted Live
(#/1b) (¢1) Wt (g) Live Wt. (g)  Wt. (g)
117.8 3,85 4.07 3.67 (Mean for
. all pens)
116.9 3.88 3,87 3.49 H
99.4 4,51 4,77 4.31 "
98.7 4,60 5,18 4,68 n
99.0 4,59 4,60 4,16 "
95,7 4,74 4.97 4,49 n
88.3 5.14 5.17 4.67 !
102.8 4,42 4.78 4,32 n
96,2 4.72 4,32 3.90 n
122,2 a,72 3,91 3,53 v
89.0 5,10 4,90 4,42 "
86.5 5.25 5,28 4.77 «
101,0 4,55 4.65 4.20 4,39
4374 4374 394 394 a5
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Appendix 4,

Chronology of events for rearing, transfer, and

Date Adtivity
9/1/86- Adults captured at Bonneville Hatchery (Oregon
9/30/86 Dept. of_Fiﬁh and Wildlife} fish traps and fish
ladder at Bonheville Dam and at Little White
Salmon National Fish Hatchery (LWSNFE).
12/1/86~ Eggs spawned and hatched at LWSNFH.
12/22/886
1/4/87~ Fish reared and ponded at LWSNFH.
3/1/87

1/7/87 Pen rearing personnel informed that adult chinook
broodstock spawned for pen rearing fish had been
tested positive for infectious hématopoietic
necrosis (IHN). Eggs from the entire upriver
bright egyg take had been subsequently exposed to
IHN virus in the rearing water at LWSNFH.

2/25/81 Drano Lake suggested as a potential alternative
rearing site in the event that transfer of fish
from the LWSNFH was not approved or that fish for
the study could not be obtained from another
source,

2/27/817 Drano Lake was selected as an alternative rearing
site after efforts to obtain fish for the study
eleewhere failed; transfer of the 1987 field
work to that site was approved by BPA.

as/e/87~ Rearing eqguipment was transferred from Rock Creek

. a/10/87 and Social Security Pond to Drano Lake,

3/12/81% Fish transferred from LWSNFH racewavs to temporary
pens in Drano Lake,

as/18/87 Final Transfer of fish from LWSNFH raceways to
Drano Lake net pens.

4/1/87~ Coded wire tagging completed on all fish held in

4/15/87 nhet pens in Drano Lake.

4/27/87 Mortality increases noted in raceways at LWSNFH,
IHN was presumptively diagnosed by the Lower
Columbia River Fish Health Center.

5/5/87 IHN positively confirmed in LWSNFH racewavs.
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Appendix 4 continued,

All Het péns intensively sampled for signs of IHN

{
5/6, 7, |
& 11/87 | by Lower Columbia Fish Health Center biologists.
|
5/20/87 | All upriver-bright stock reared in LWSNFH raceways
| destroved.
| .
5/20/87~ | Fed treatments in net pens released.
5/22/87 |
|
6/16/87 | Fish in unfed treatments released.
S D e o e T A U U e o S 2 i o
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Appendix 5. Weekly natural mortality of fish in pens at Dranc ILske, 1987 after being split
into respective treatments.

Pen Number DATE

4/4 4/11 4/18 4/25 B/2 B/ /16 5B8/23 5/30 6/6 6/18 {Total
Regular Density

|
1 4 14 1 0 1 Q i 20
2 1 25 0 2 1 13 | 42
3 0 23 Q0 2 0 3 I 28
4 0 17 0 0 3 2 i 22
5 5 1 Q 4 4 4 | 18
1) 1 130 0 11 3 17 } 182
7 1 14 1 3 1 4 { 24
8 5 56 1 0 3 4 | 69
9 i is 0 1 2 1 1 20
1¢ 2 i2 ) 5 4 33 } 56
11 5 41 0O 0 1 3 i 50
12 2 82 0 C 1 10 ] 95
{
Unfed Tregtments I
13 o 0 0 0 0 0 0 ©c o0 | o
14 0 0 0 2 0 0 1 1 7 | 11
|
15 4] 2 0 0 0 5 3 1 20 | 31
16 o 0 1] 2 1 9 5 1 11 | 29
1
17 4 2 1 B 6 67 271 180 i4 | 517
18 i 5 0 3 3 31 163 283 12 | 501
' |
Double Density !
ig 1 3 23 0 g 1 33 | 70
20 1 6 163 0 8 2 53 i 233
|
Tripie Density |
21 170 1G 205 0O 18 0 86 | 487
22 134 2 169 2 24 10 59 { 400
]
Quadruple Density |
23 1 189 6 a6 1 32 3 287 I 615
24 28 138 1 4 5 4 1 140 1 319




Appendix 6. CompaFison of: (A) gill Na-K ATPase activity among
féd tred¥ments At Félease and (B) among fed
treatmerts and hatdlery control Fish on the final
week of comparison using a onle-way analysis of
variatice (ANOVAJ, A NeWman-Keuls multiple range
test was used to distinguish among differencdes which
ocourred when comparlng hatchery control fish with
off-station fish. 'Treatments with the same grouping
nunber are not eignif{bantly different at the .05
level.

A. Fed treatments at releade:

fne-way ANOVA:

Dependent Variable  Souirce D.F, ANOVA §.8., " f-value P>f

ATPase Treatment 3 48,33 0.48 0.697
{no significant difference at .058)

B. Fed treatments and hatchery controls during final week uf
rearing:

One-way ANOVA:

Dependent Variable Source D.¥. ANOVA 8.8, f-value P>f
ATPase Trestment 3 226,30 6.586 L0003

Multiple Range Test:

Variable Treatment Mean Value N Grouping
ATPase Quadrupie 16,15 10 A
Regular 15.18 10 A
Triple 14.68 10 A
Double 13.94 _ 10 A
Hatchery 9,98 10 B
28 2 o o e ot et et e et et 2 R o o e et e ot pe
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Appendix 7. Summary of health indices of regular-density fish
reared in pens using the Utah Fish Quality Indexing

methodology, Drano Lake, 1987. (c.v.
of variation)

R S R R N N N N T N e e e i S L R O L D R D R R e L D T R T e e e e e e e e e e o
Observation 3/1a 4/1a 4/15 4/29
Fork Length(mm) 41.4 44.2 482.7 56.3
Weight(g) .74 .81 1.09 1.95

{c.v.—~%) (10.2) (22.5) (22.0) (20.6)
Kfl 1.056 1.09 1.08 1.08

{c.v.——%) {7.8) (8.1) (6.4) (4.9)
Blond hematocrit 36.5 33.9 33.5 34.7

{c.v.~—%) {8.5) (13.0) (8.2) {4.3)
Blood leucocrit <1 <1 <3 <1
Serum protein 7.0 6.9 6.0 6.4

(c.v.—=%) - (31.7) (3.5) (4.7)
Byes

Normal(%) 100 100 100 100
Gills

Normal(%) 100 100 100 100
Pseudobranchs

Normal (%) 100 100 100 100
Thymus

Normal (%) 100 a5 100 95

Mild hemorrhage - 5] &
Mesenteric fat :

None 15 10 -

Little 85 80 100 20

Normal - - BO

Above normal - - -
Spleen

Normal (%) 100 100 100 100
Hind gut

Normal(%) 100 100 100 100
Kidney

Normal (%) 100 100 100 100
Livey

Normal (%) 40 100 65 100

Pale 60 - 35 -
Mesentery

Normal{%) 100 100 100 100
- T T T e g ——— L L+

a/ Temporary pens.
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= goefficient
-
5/1%2 5/20
66.0 71.0
(4.9) (5.2)
3.16 4.02
{16.6) (20.4)
1.10 1.11
{6.8) {7.1)
38.0 42,4
(10.4) (11.9)
<1 <1
6.7 6.4
(8.7) (8.2)
100 100
100 100
100 100
60 ah
40 a
- 10
45 an
55
100 100
100 100
100 100
100 100
100 100




Appéndix 8. Summary of health indices of doublée-density fish
réayed in peéns Weidg tHé Utah Fish'Quality Indexing
methodd I8y, Dfdhe Take, 1987. (d.v. = coefficient
of vayiation)

P RY T

o e o e o o s e S v e 5 o e S e T e L L L Lo et e
Observation 4715 = 4/29° 5/12 5/20
Fork Length{mm) 48.4 56.3 67.0 69,0

(c.v.-~%) (6.6) (6.7) {(7.1) (9.3)
Weight{g) 1.11 1,98 3.56 4,01

(C.V,~=%) (20.1) (20.58}  (23,9) (28.2)
Kfl 0,96 1.08.° 1.15 l.22

{c.v.——~%) {5.8) (4.9) (8.3) (11.1)
Blood hematocrit 31.0 34.7 39.0 38.9

{c.v.~-~%) {8.9) (4.3) (9.9) (10.3)
Blood leucocrit <1 <1 <1 <1
Serum protein 6.1 6.4 6.8 6.3

(¢.v,~~%) (5.8) (4.7) (7.5) (8.7)
Eves

Normal (%) 100 100 100 100
Gills

Normal (%) 100 100 100 100
Pseudobranchs _

Normal (%) 100 100 100 100
Thymus

Normal (%) 100 95 20 70

Mild "hemorrhage - 5 10 30
Mesanteric fat

None - -

Little . 100 20 10 50

Normal - BO 45 50

Above normal - - 45 -
Spleen

Normal (%) 100 100 100 100
Hind gut

Normal (%) 100 100" 100 100
Kidney

Normal (%) 100 100 100 100
Liver _

Normal (%) 100 100 100 100

Pale - - - —
Mesentery

Normal(%) 100 100 100 100
1 it e et R b ST e R e e B e g e e st et e et o
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Appendix 9. Summary of health indices of ftriple-density fish
regrad in pens uaing the Utah Fish Quality Indexing
methodnlogv, Dréno Lake, 1987. (c.v. = coefficimnk
of variation)

mw:::u:::—wm—::gw:ug::::====== m=w—===ﬁﬂ&ﬂ=ﬂ&ﬂmﬂ==ﬂ_ﬂ =i o
Observation 4/14 4/28 5/13 5/21
Fork Length{mm) 48.4 54.6 68.0 70.9

{c.v.~—%) (5.3) (7.5) (6.0) {(8.0)
Weight(g) 1.16 1.84 3.46 4.17

{c.v.~~%) (16.%) (24.7) (19.2) (22.7)
Kfl 1,01 1.10 1.09 1.156

{(c.v.=~%) (3.8) (6.1) (4.7) (7.7)
Blood hematocrit 33,4 35.3 32.9 39.5

{(c.v.-~%) (10.5) (7.8) (7.6) (9.8)
Bloaod leucocrit <1 <1 <1 <1
Serim protein 5.8 7.1 6.7 6.4

(c.v.~~%) (2.3) (6.5) (9.3) (7.7)
Byes

Normal (%) 190 100 100 100
Gills

Normal (%) 100 100 100 1Q0
Pgeudobranchs

Normal (%) 100 100 100 100
Thymus

Normal (%) 100 15 80 70

Mild hemorrhage 25 20 30
Mesenteric fat

None

Little 65 35 5 40

Normal 38 65 45 60

Above normal 50
Spleen

Normal (%) 100 100 100 100
Hind gut

Normal (%) 100 100 100 100
RKidney

Normal(%) 100 100 100 100
Liver

Normal (%) 90 100 100 100

Pale 10 - - -
Mesentery

Normal (%) 100 100 100 100
15 e R 5 S R Y S A Y S T S R ™ £ ) s i mt ma ae t  B L  R  R  m R  m m .
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Appendix 10, Summiry of health indices of guadruple-density fish
‘ - -reéar@d in pens usdfig the Ukah: Fish Quality Indexing

- methédology, Dridg Lake, 1987. (c.v. = coefficient
. of variation) ‘ -
e i it i e e e e e e e e S T e e e B B S S I R B I S I IR R IR R R e e SR R R R
Observation 4/14 4/28 65/13 §/21
Fork Length(mm) 48,3 56.6 67.0 72.1
(C.vi~~%) ! (6.2) (6.,6) (8.0) (6.9)
Weight(g) 1.14 2,04 3.53 4.53
{c.v.~~%) (18.4) {21.9) (23.3) (20.7)
Kfl 1.00 1.%14 1.15 1.19
(. v.~=%) (6.0) (3.9) (6.1) (5.5)
Blood hematocrit 35.0 34.1 38.0 28.9
(C.v.~-%) (4.1) (6.7) (8.8) (10.2)
Blood leucocrit <1 <] <1 <1
Seruin protein 6:8 6.6 6.7 6.5
(¢.v.~—%) (8.5) (6.5) (10.4) (6.4)
Eves
Normal (%) 100 100 100 100
Gills
Normal (%) 100 100 100 100
Pseudobranchs
Normal (%) 100 100 100 100
Thymus
Normal (%) 90 85 65 85
Mild hemorrhadge 10 18 35 10
severe hemorrhage - - ]
Mesenteric fat
None : 5 -
Little 95 40 5 20
Normal - 60 65 78
Above normal - - 30 5
Spleen
. Normal (%) 100 100 100 100
Hind gut
Normal (%) 100 100 100 100
Kidney
Normal (%) 100 100 100 100
Liver ‘
Normal(%) 100 100 100 100
Mesentery
Normal{%) 100 100 100 100
o s e e e s st M ot o et st e e e e e e g ey e e T e e sy it M £ M T R S SR B SRS RS S EISIRASEE SR S
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Appendix 11. Summary of headth indices of fish reared at the
Little White Salmen National Fish Hatchery using the
Utah Fish Qudlity Indexing methodelogy, 1987, (¢.v,
= coefficient of wvariation}

Lt O T e e L I N R S S B T T e T e I S R N R T N S R e e A S i s I e S e S e em S e ey o
Observation 3/31 4/13 4/217 65/11
Fork Length{mm) 43.4 46,0 53.0 655.0

(c.v.——%) (3.2) {(11.2) {6.4) {(8.7)
Weight(g) .75 1.02 1.53 1.76

(c.v.—~—%) (10.9) (20.3) (15.6) (26.8)
K£l 1.09 1.00 1.03 1.02

(c.v.~~%) (5.1) (6.98) (6.6) (6.7)
Blood hematocrit 33.4 37.0 37.0 38.0

(c.v.~~%) (5.9) (3.7) (6.7) (9.8)
Blood leucocrit <i <1 <1 <1
Serum protein 5.8 6.4 7.0 6.8

{c.v.==%) (9.2) (2.9) (7.7) (7.3)
Eves

Normal (%) 100 100 100 100
Gills

Normal{%) 100 100 100 100
Pseudobranchs

Normal (%) 100 100 100 100
Thymus

Normal(%) 100 100 90 95

Mild hemorrhage - 10 5
Mesenteric fat

None - 10 - 5

Little 100 ag 100 90

Normal - - 5

Above normal - - -
Splean

Normal (%) 100 100 100 100
Hind gut

Normal (%) 100 100 100 100
Kidney

Normal (%) 100 100 100 100
Liver

Normal(%) - 3as 100 100

Pale 100 65 - -
Mesentery

Normal (%) 100 100 100 100
T T T I 0 I e Y T U T R U D e ) I Y e At S L e e e i e et e L e e e e e e e R e L S RS
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Appendix 12. Summery of health indices of unfed fish reared in penhs using
the Utah Fish Quality Indexing methodology, Drano Lake,
1987. (¢.v. = coefficient of variation)

Chservation 4/93a 5/6a 5/19 6/3

Composite Composite Lo Med Hi Io Medl Hi

Fork Length(mm)  47.9 48,0 49.0 48.0 48.0 52,1 4A7.7 49.5

(e.v.—%) (7.3) (4.0) (4.4) (4.4) (4.2) (6.9) (4.4) (5.9)
Weight (g) .96 .89 .99 .87 .76 1.27 .80 .82

(e ——%) (21,4) (14.0) (14.4) (15,2) (15.3 (230.9) (20.2) (19.8)
KE1 .88 .80 .84 .76 .67 .88 .73 .67

(¢, ~%) (9.7) (5.8) (6.9) (8.8) (7.3) (11.8) (9.4) (9.0)
Blood hematocrit 41,2  89.7 38,0 37.0 36.0 38,6 35.3 33.5

RS (6.1) (7.7) (7.6) (6.8} (4.4) (11,9) (7.8) (6.3}
Blood leucocrit <1 <3 <1 <] <1 <1 <1 <1
Serum protein 5.1 3.8 3.9 2.4 2.4 4,2 2.4 1.7

(Cov.—%) (3.2) (12.8) (15.3) (12.4) (11.8) (22.5) (19.5) (8.7)

Normal (%) 100 100 100 100 100 100 100 100
Gills

Normal (%) 100 100 100 100 100 100 100 100
Paeudobranchs

Normal (%) 100 100 100 100 100 100 100 100
Thymus

Normal (%) 95 100 100 100 100 100 100 100

Mild hemorrhage 5 -~ - -
Mesenteric fat

None 70 100 100 100 100 100 100 100
Little 30 - - - - - - -
Normal - - - - - - - -
Above normal - - - - - - - -
Spleen
. Normal (%) 100 100 a5 95 100 100 100 100
Nodules - - 5 B
Hind gut
Novinal (%) 100 100 100 100 100 100 100 100
K chrery
Normal (%) 100 100 100 100 100 100 100 100
Liver
Normal (%) 100 100 100 100 100 100 100 100
Pale - - - -
Mesentery
Normal (%) 100 100 100 100 100 100 100 100
R S e e s B s .~ i
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SUWARY OF DI RECT COSTS, FY 87

Salaries and Benefits......... ... ... ... .. ... ..$ 154,083
Travel and Transportation. .............. . ... ... 26, 142

Equi pnent
Non-expendable .......... .. . . . . . 0
Expendabl e .. ... ... . . 24,175
Qperation and Maintenance........... ... ... 5,000
Tot al $ 209, 400
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